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Abstract  The  diagnosis  of  infections  associated  with  orthopedic  implants  is  based  on  a  com-
bination of  clinical  signs,  laboratory  ﬁndings  and  imaging  studies.  There  is  no  gold  standard
imaging technique:  conventional  radiography  is  indispensable,  although  50%  of  the  time  the
radiograph  is  normal.  Computed  tomography  (CT),  magnetic  resonance  imaging  (MRI)  and  ultra-
sonography  are  valuable  to  detect  soft  tissue  abnormalities.  Bone  scintigraphy  (BS)  rules  out
active infection.  For  infections  involving  the  peripheral  skeleton,  labeled  white  blood  cell  (WBC)
scintigraphy  coupled  with  colloid  scintigraphy  is  the  reference  technique,  whereas  a  gallium
scan is  always  necessary  for  imaging  the  spine  or  pelvis.  To  conﬁrm  or  rule  out  infection,  needle
aspiration with  analysis  of  aspirated  ﬂuid  is  the  cornerstone  of  the  diagnostic  algorithm.
© 2012  Éditions  françaises  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
Orthopedic  surgical  hardware  is  increasingly  used  for  fracture  reduction,  arthrodesis  and
most  of  all  for  arthroplasty.  Thanks  to  perioperative  antibiotic  prophylaxis,  improved  sur-
gical  technique  and  laminar  airﬂow  operating  theaters,  infection  rates  for  prosthetic
implants  have  dropped  considerably  in  recent  years.  However,  as  the  use  of  orthopedic
implants  continues  to  rise,  the  number  of  infections  remains  substantial.  These  peripros-
thetic  infections  are  a  frequent  cause  of  implant  failure,  estimated  at  approximately  5%
[1],  with  a  fairly  low  infection  rate  in  the  case  of  closed  fractures  (generally  less  than  1  to
2%)  but  as  high  as  30%  for  open  fracture  reduction.  Periprosthetic  infection  is  the  leading
cause  of  revision  total  knee  arthroplasty  (TKA)  and  the  third  most  common  cause  for  total
hip  arthroplasty  (THA)  [2];  the  incidence  of  these  periprosthetic  infections  has  been  esti-
mated  at  1  to  3%  [3].  The  infection  rate  after  revision  surgery  is  considerably  higher  than
for  the  primary  arthroplasty.  These  infections  have  a  major  impact  on  the  psychological
morbidity  of  patients,  impairing  joint  function  and  quality  of  life,  and  sometimes  requiring
arthrodesis,  permanent  removal  of  the  prosthesis,  or  even  amputation.
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ﬁcity  of  70%  in  detecting  implant-associated  infections  [8].
Depending  on  the  location  of  the  implant,  bone  structures
(the  spine  in  particular)  may  be  very  difﬁcult  to  analyze48  
The  management  of  a  failed  prosthesis  differs  signiﬁcan-
ly  according  to  whether  it  is  aseptic  or  septic.  In  the  ﬁrst
ase,  single-stage  revision  is  generally  performed,  replacing
he  prosthesis  in  a  single  step  with  a  focus  on  restoring
unction.  In  the  case  of  infection,  it  is  ﬁrst  necessary  to
radicate  the  pathogen,  and  then  to  restore  function.
hus,  the  ﬁrst  stage  may  consist  in  removing  the  prosthesis,
ebriding  the  joint,  implanting  antibiotic-coated  spacers
nd  administering  systemic  antibiotics,  and  it  is  only
fterwards  that  revision  arthroplasty  can  be  performed.  A
eriprosthetic  infection  that  goes  unrecognized  will  lead
o  failure  of  a  revision  arthroplasty  for  loosening.  Imaging
lays  a  minor  role  in  acute  infections  (occurring  less  than
 weeks  postoperatively),  but  it  is  much  more  useful
n  chronic  infections.  In  the  latter  case,  since  clinically
vert  infection  and  systemic  manifestations  are  rare,  the
linical  presentation  can  easily  be  subtle  or  even  absent,
nd  mechanical  impairment  takes  the  forefront:  delayed
onsolidation  of  an  osteosynthesis  or  a  painful  arthroplasty.
he  presence  of  certain  risk  factors  like  diabetes,  obesity,
r  corticosteroid  or  immunosuppressive  therapy  should  alert
he  physician  to  minor  symptoms  such  as  chronic  drainage,
rythema  around  the  incision,  etc.  [4].  Despite  the  increas-
ng  number  of  clinical,  laboratory  and  imaging  techniques
vailable,  the  diagnosis  of  orthopedic  implant  infections  (in
articular  periprosthetic)  can  be  very  difﬁcult  and  there  is
o  gold  standard,  although  a  line  of  converging  evidence
an  lead  the  physician  to  suspect  or  conﬁrm  infection  [5].
athogenesis and deﬁnition of orthopedic
mplant  infections
mplant-associated  infections  are  caused  by  microorganisms
hich  grow  in  bioﬁlms  and  adhere  to  the  implant  surface
n  a  highly  hydrated  extracellular  matrix.  The  microor-
anisms  within  bioﬁlms  form  complex,  highly  organized
ommunities.  Metabolically  inactive,  they  are  up  to  1000
imes  more  resistant  to  antibiotics  than  systemic  bacteria.
uch  infections  can  occur  by  direct  contamination  during
urgery  (intraoperative  infections),  bacteremia  secondary
o  a  remote  site  of  infection  (hematogenous  infections)  or
lse  by  contact  with  an  adjacent  site  of  infection  or  an  open
ound  (contiguous  infection).  Infections  are  classiﬁed  as
arly  if  they  occur  within  3  months  of  arthroplasty  (within
 weeks  for  osteosynthesis),  and  are  usually  the  result
f  direct  exogenous  contamination  by  a  highly  virulent
icroorganism.  Subacute  infections  occur  3  to  24  months
ostoperatively  (2  to  10  weeks  for  osteosynthesis)  and
re  caused  by  low-virulence  pathogens  contaminating  the
mplant  during  surgery.  Late  infections  occur  more  than  2
ears  after  surgery  (more  than  10  weeks  for  osteosynthesis)
nd  usually  result  from  blood-borne  dissemination.  These
nfections  are  very  hard  to  differentiate  from  mechanical
oosening  because  they  progress  insidiously  and  produce
ery  similar  symptoms.maging
bnormalities  of  both  bone  and  soft  tissues  detected  on
maging  studies  can  be  suggestive  of  implant-associated
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nfections  [6,7]. On  periprosthetic  bone  structures,  mul-
iple  and  often  discreet  signs  have  to  be  recognized.  A
mall,  very  dense  bone  fragment  isolated  from  the  other
rabeculae,  corresponding  to  a  sequestrum  (fragment  har-
oring  a  pathogen),  is  very  highly  suggestive  of  active
nfection,  but  this  is  a  rare  event  (<  8%);  rapid  changes  in
one  structure  on  serial  scans,  such  as  a  lucent  line  around
he  prosthesis  widening  by  more  than  2 mm  per  year,  is
ighly  suspect;  multifocal  zones  of  osteolysis  with  blurred
dges  at  the  prosthesis  margins,  especially  when  located
utside  areas  subjected  to  mechanical  stress,  or  else  an
xtensive,  poorly  circumscribed  or  solid,  thin  periosteal
eaction,  not  adherent  to  the  cortex,  are  also  signs  of
nfection  (Figs.  1—3);  bipolar  loosening  rules  out  a  septic
rocess;  the  presence  of  gas  around  the  prosthesis  sug-
ests  an  anaerobic  organism.  Analysis  of  soft  tissue  is  crucial
ecause  an  abnormality  here  may  be  the  only  clue  (sen-
itivity  100%,  speciﬁcity  87%).  A  number  of  modalities  are
t  the  physician’s  disposal:  arthrography,  ultrasound,  com-
uted  tomography  (CT)  and  magnetic  resonance  imaging
MRI).  In  particular,  one  looks  for  sinus  tracts  and  collections,
hich  have  a  positive  predictive  value  of  100%,  inﬂammatory
dema  (only  visible  on  MRI  or  ultrasound)  or  joint  distention.
he  absence  of  effusion  around  a prosthetic  joint  has  a  nega-
ive  predictive  value  of  100%.  Fluid-ﬁlled  bursae  have  lower
redictive  value  because  they  may  be  secondary  to  multiple
echanical  conﬂicts,  involving  the  tendons  in  particular.
adiography
erial  plain  radiographs  have  a  sensitivity  of  14%  and  a  speci-igure 1. Radiograph of right hip in a 75-year-old woman with
 painful total hip prosthesis: thickened, blurred femoral cortical
emodeling with periosteal appositions. Infection was conﬁrmed by
eedle aspiration.
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CFigure 2. Radiograph (a) and axial computed tomography (CT) sc
Infection was conﬁrmed at surgery.
and  the  use  of  additional  imaging  techniques  is  essential.
Despite  this  lack  of  sensitivity  and  speciﬁcity,  radiography
should  be  part  of  the  initial  work-up  even  though  it  only  per-
mits  a  crude  analysis  of  soft  tissues  and  there  is  no  typical
radiographic  appearance.  Finally,  50%  of  radiographs  remain
normal  despite  the  presence  of  infection.  In  a  retrospec-
tive  review  of  septic  hip  prostheses,  Tigges  et  al.  reported
that  20%  of  radiographs  showed  bone  ﬁndings  consistent  with
infection,  20%  had  signs  of  mechanical  loosening  and  10%  had
Figure 3. Radiograph of right hip (a) and coronal computed
tomography (CT) scan (b) reconstructed with bone algorithm in a
67-year-old man with painful total hip prosthesis: multifocal osteol-
ysis outside weight-bearing area. Infection was conﬁrmed by needle
aspiration.
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i) of a prosthetic stem of the femoral shaft: periosteal apposition.
onspeciﬁc  ﬁndings  [9].  Despite  these  limitations,  radiogra-
hy  serves  as  a  reference  to  monitor  the  progression  of  bone
bnormalities.
omputed tomography (CT)
mprovements  in  imaging  methods  that  reduce  metal  arti-
acts  due  to  beam  hardening  have  now  made  it  possible
o  analyze  periprosthetic  bone  structures  as  well  as  soft
issues  [10,11]. Depending  on  the  implant,  the  severity  of
rtifacts  will  vary,  ranging  from  moderate  for  titanium  hard-
are,  more  important  for  inox,  and  most  problematic  for
obalt-chrome  hardware.  Whenever  possible,  the  axis  of
he  implant  should  be  aligned  so  that  the  beam  traverses
he  smallest  cross-sectional  area  of  the  implant.  Acquisi-
ion  parameters  such  as  use  of  a  high  voltage  (125  and
40  kV)  and  high  amperage,  narrow  collimation  and  thin  sec-
ions  can  help  reduce  artifacts  [12]. Image  reconstruction
an  also  help  reduce  artifacts  by  generating  thick  sections
ombining  several  acquired  thin  sections,  and  by  using  low
ernel  values  (standard  reconstruction  algorithm)  and  an
xtended  CT  scale  (possible  up  to  40,000  HU  on  some  scan-
ers)  [13—15]. Bone  ﬁndings  to  be  looked  for  are  identical
o  those  that  can  be  seen  by  conventional  radiography,
lthough  CT  is  obviously  more  detailed,  especially  at  certain
natomical  sites  difﬁcult  to  analyze  on  conventional  ﬁlms,
uch  as  the  cervicothoracic  junction,  for  example.  CT  can
epict  sequestra,  difﬁcult  to  detect  on  plain  radiographs  due
o  bone  remodeling  and  sclerosis,  or  periosteal  appositions
Fig.  4).
Analysis  of  soft  tissues  is  crucial  and  intravenous  iodi-
ated  contrast  material  can  aid  in  diagnosis  by  enhancing
he  contours  of  a  ﬂuid  collection  or  inﬂammatory  synovium
16]  (Figs.  5  and  6).  An  abscess  close  to  the  surgical  hard-
are  appears  as  an  inﬁltrated,  thick-walled  collection  that
s  contrast-enhanced;  the  differential  diagnosis  is  hematoma
f  surgery  was  recent.  Arthritis  on  the  implant,  when  a
550  C.  Cyteval,  A.  Bourdon
Figure 4. Computed tomography (CT) scan of the lower jaw 3
months post-osteotomy: small, very dense bone fragment isolated
from the other trabeculae, corresponding to a sequestrum (frag-
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Figure 6. Computed tomography (CT) scan of right hip in a 76-
year-old man with painful total hip arthroplasty. Large collection in
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Ient harboring a microbe) and very highly suggestive of active
nfection, conﬁrmed during surgical revision.
eptic  prosthesis  is  suspected,  associates  effusion  and  cap-
ular  thickening  enhanced  by  contrast  injection.  A  sinus
ract  along  the  surgical  incision  may  sometimes  be  dif-
cult  to  differentiate  from  ﬁbrosis,  making  it  necessary
o  look  for  inﬁltration  of  adjacent  fat  or  ﬂuid  or  gas
long  the  ﬁstula.  In  a  study  of  22  infected  total  hip  pros-
heses,  Cyteval  et  al.  found  that  periostitis  was  100%
peciﬁc  for  infection  but  had  only  16%  sensitivity.  Soft  tis-
ue  ﬁndings  were  accurate  for  detecting  infection  with
00%  sensitivity  and  87%  speciﬁcity.  Fluid  collections  in
oft  tissues  had  a  100%  positive  predictive  value  and  the
bsence  of  joint  distention  had  a  96%  negative  predictive
alue  [11].
ltrasonography
ltrasonography  can  certainly  be  useful  for  analyzing  soft
issues  if  the  lesions  are  accessible,  as  is  often  the  case
or  the  limbs,  but  it  is  less  contributory  for  imaging  the
ip  or  spine,  where  depth  and  bone  structures  limit  the
coustic  window  [17—19]. In  addition  to  ﬂuid  collections,
oint  distention  and  ﬂuid-ﬁlled  bursae,  which  are  also
emonstrated  on  CT,  soft  tissue  thickening  and  hyperemia
n  Doppler  sonograms  may  suggest  the  presence  of
nfection.
•
igure 5. Computed tomography (CT) scan of both knees in a patient 
aused pain for several months. No clinical signs of infection: a: abunda
nfection was conﬁrmed by needle aspiration.erifemoral soft tissue. Infection was conﬁrmed by needle aspira-
ion.
agnetic resonance imaging (MRI)
rtifacts  from  metallic  implants  are  well  known  in  MRI  and
ave  certainly  limited  the  use  of  this  technique.  They  corre-
pond  to  the  special  case  of  magnetic  susceptibility  artifacts
hich  occur  as  the  result  of  very  localized  magnetic  ﬁeld
radients  occurring  near  the  interfaces  of  substances  with
ifferent  magnetic  susceptibilities  (different  ability  to  mag-
etize).  This  causes  dephasing  of  spins,  which  increases  with
he  strength  of  the  magnetic  ﬁeld.  This  produces  local  dis-
ortion  in  the  magnetic  ﬁeld  resulting  in  three  effects:  a
arying  degree  of  image  distortion,  and  a  local  signal  inten-
ity  void  with  a  surrounding  area  of  high  signal  intensity.
hese  artifacts  can  be  considerably  reduced  by  simple  mod-
ﬁcations  of  acquisition  parameters  [15,20]:
artifacts  are  less  severe  when  the  axis  of  the  implant  is
aligned  in  the  main  magnetic  ﬁeld  B0  (for  example,  by
positioning  a  wrist  screw  in  the  axis  of  the  magnetic  ﬁeld);
the  frequency  or  phase  encoding  direction  can  be  changed
so  that  the  artifact  projects  as  little  as  possible  into  the
area  under  study;  the  strength  of  the  frequency  encoding
gradient  can  also  be  increased  (by  widening  the  band-
width);
it  is  possible  to  decrease  the  echo  time,  although  this  can
change  the  weighing  of  the  sequence;
the  use  of  smaller  voxels,  by  reducing  section  thickness
and  by  modifying  the  matrix  and  FOV  (ﬁeld  of  view),
reduces  the  artifact  but  also  results  in  a smaller  signal-
to-noise  ratio;
with rheumatoid arthritis and two total knee prostheses which had
nt bilateral joint distention; b: extensive periprosthetic osteolysis.
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Figure 8. Arthrogram of right hip in a 67-year-old man: para-
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fast  spin  echo  rather  than  gradient  echo  sequences  should
be  used,  because  this  artifact  is  due  to  dephasing,  itself
due  to  heterogeneity  in  the  magnetic  ﬁeld.  Spin  echo
sequences  are  therefore  much  less  sensitive,  thanks  to
their  180◦ rephasing  pulse;  during  these  fast  spin  echo
sequences  it  is  also  preferable  to  use  higher  echo  train
lengths  in  a  short  time;
to  suppress  the  hypersignal  due  to  fat,  fat  satura-
tion  (Fat  Sat)  should  not  be  used,  since  it  is  sensitive
to  heterogeneities  in  the  magnetic  ﬁeld;  Short  Time
Inversion—Recovery  (STIR)  sequences  should  be  pre-
ferred;
3D  sequences  avoid  distortions  in  section  thickness  com-
pared  to  2D  sequences  because  the  second  phase  encoding
is  in  the  direction  of  section  thickness;
ﬁnally,  speciﬁc  new  sequences  can  be  used  (Iterative
Decomposition  of  water  and  fat  with  Echo  Asymmetry  and
Least-square  estimation  [IDEAL]  sequence).
Intravenous  gadolinium  often  improves  the  detection
f  soft  tissue  abnormalities  [20—23]. In  particular,  it  is
seful  for  depicting  inﬂammatory  edema  of  soft  tissue
r  bone,  which  is  hyperintense  on  T2-weighted  images,
nhanced  by  gadolinium,  or  else  bone  or  soft  tissue  col-
ections,  with  contour  enhancement  and  a  dark  purulent
entral  zone,  or  else  sinus  tracts  which  produce  a  very
arked  T2-weighted  hypersignal  enhanced  by  gadolinium
Fig.  7).
Joint  distention  or  ﬂuid-ﬁlled  bursae,  hyperintense  on
2-weighted  images,  do  not  enhance  with  gadolinium.  Bone
equestra  remain  hypointense  in  all  sequences.
paciﬁcations: ﬁstulography or arthrography
rthrography  or  ﬁstulography  were  widely  used  in  the
980s  and  provided  much  information  on  the  existence
f  communications  between  small  cutaneous  channels
nd  bone,  periprosthetic  effusions  and  peri-articular  com-
unicating  cavities  [24,25].  These  methods  have  since
ecome  rare  (or  unnecessary)  now  that  newer  methods
ike  CT,  MRI  and  ultrasound  can  achieve  good  visualization
f  these  lesions.  However,  they  are  sometimes  per-
ormed  in  conjunction  with  diagnostic  needle  aspiration
Fig.  8).
uclear medicine
uclear  medicine  provides  a  number  of  techniques  that  com-
lement  conventional  imaging  methods  and  serve  as  a  useful
id  to  physicians.  The  choice  of  technique  depends  mainly
n  location.  Since  the  development  of  hybrid  cameras  allow-
ng  coupled  monophoton  emission  tomography  (MPET)/CT,
iagnostic  performance  and  image  quality  have  greatly
mproved.
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igure 7. Sagittal magnetic resonance imaging (MRI) sections: a: T1-
nd fat saturation; d: coronal STIR; e: bone scan in a 72-year-old woman
ith dorsal pain and CRP = 120. Major signal abnormality in T10 and T11 v
ptake. Staphylococcus epidermidis spondylodiscitis was conﬁrmed by Trticular collection communicating with the prosthesis. Infection
as conﬁrmed on the specimen taken before opaciﬁcation.
one scintigraphy
9mTc-labeled  diphosphonate  bone  scintigraphy  (BS)  is  the
rimary  modality  in  nuclear  medicine  when  bone  infec-
ion  is  suspected.  This  is  an  easy,  noninvasive  procedure
hich,  in  this  indication,  requires  three  acquisition  times
angioscintigraphy,  tissue  scintigraphy  and  late  phase).  It
nables  the  detection  of  bone  remodeling  at  the  contour
f  a prosthesis  or  in  contact  with  osteosynthesis  material.
ptake  of  the  radionuclide  tracer  occurs  in  proportion  to
ocal  vasodilatation  during  the  blood  ﬂow  phase,  extravas-
ular  diffusion  of  the  tracer  during  the  blood  pool  phase
nd  bone  turnover  during  the  late  phase.  A  combination  of
yperemia,  increased  tissue  diffusion  and  increased  tracer
ptake  during  the  late  phase  predicts  infection  with  excel-
ent  sensitivity  (90  to  100%)  within  24  to  48  hours  of  onset
26]  (Fig.  7).  On  the  other  hand,  speciﬁcity  is  poor  (only
bout  35%),  which  does  not  allow  differentiation  between
nfection  and  mechanical  loosening  of  a  hip  or  knee  pros-
hesis,  for  example.  There  have  been  many  attempts  to
mprove  the  performance  of  BS,  in  particular  by  studying
he  distribution  of  uptake  around  the  prosthesis.  Williamson
t  al.  considered  that  diffuse  uptake  around  the  contour
f  a  total  hip  prosthesis  (femoral  and  cotyloid  components)
ndicated  infection  whereas  on  the  contrary,  focal  activity
orresponded  to  loosening  [27]. These  ﬁndings  were  ques-
ioned  by  Williams  et  al.,  who  noted  that  diffuse  activity
ould  be  observed  in  both  septic  and  aseptic  loosening
28].  Furthermore,  periprosthetic  uptake  during  the  ﬁrst  few
onths  following  surgery  can  be  considered  normal.  This
steoblast  activity  can  be  observed  up  to  12  months  after
weighted; b: STIR; c: T1-weighted after gadolinium enhancement
 who underwent arthrodesis for T12 vertebral fracture, presenting
ertebrae with discreet involvement of soft tissues and scintigraphic
10-T11 discal biopsy.
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total  hip  replacement  and  up  to  2  years  after  total  knee
replacement  in  completely  asymptomatic  patients  [27]. BS
is  therefore  used  for  its  excellent  negative  predictive  value
to  rule  out  active  infection.  On  the  other  hand,  an  abnor-
mal  bone  scan  remote  from  surgery  calls  for  the  use  of  other
functional  imaging  techniques,  such  as  gallium-67  scanning
or,  even  better,  labeled  white  blood  cell  (WBC)  scanning,  to
achieve  better  speciﬁcity.
Gallium-67 scintigraphy
Gallium-67  has  been  in  use  since  the  1970s,  initially  for  can-
cer  diagnosis  (lymphoma  for  example)  and  then  for  imaging
of  inﬂammation  and  infections.  Its  biodistribution  follows
that  of  ferric  iron  (Fe3+).  After  intravenous  injection  it  binds
to  transferrin  and  then  undergoes  extravasation  at  the  site
of  inﬂammation  as  a  result  of  increased  capillary  perme-
ability  and  blood  ﬂow.  Gallium-67  scans  are  interpreted  in
combination  with  bone  scans,  the  ﬁrst  reﬂecting  inﬂamma-
tion  and  the  second,  osteoblast  activity.  Images  are  acquired
repeatedly  for  up  to  48  hours.  The  two  scans  can  be  per-
formed  on  the  same  day  since  the  emitted  gamma  photons
have  different  energies.  The  interpretation  of  gallium-67
scans  is  tricky.  False  negatives  are  due  mainly  to  the  use
of  antibiotics  and  conversely,  false  positives  are  present  in
case  of  major  inﬂammatory  osteoblast  activity.  Schemat-
ically,  the  scan  is  interpreted  as  positive  for  infection  if
gallium  uptake  is  more  extensive  or  exceeds  that  of  the  tech-
netium  bone  scan.  In  contrast,  if  gallium  uptake  is  strictly
concordant  and  less  than  on  the  bone  scan,  or  in  the  absence
of  gallium  uptake,  the  diagnosis  of  infection  is  ruled  out.
Uptake  which  is  concordant  and  of  equal  intensity  on  the  two
scans  is  inconclusive  for  diagnosing  infection.  This  situation
may  be  encountered  in  patients  on  antibiotic  therapy  [28].
In  a  fairly  old  study  but  which  used  needle  aspiration  as  gold
standard,  Kraemer  et  al.  found  that  sequential  technetium-
gallium  scan  had  a  low  sensitivity  of  38%  and  a  speciﬁcity  of
100%  for  predicting  septic  loosening  of  a  total  hip  prosthesis
[29].
Gallium-67  scan  is  preferably  reserved  for  diagnosis  and
monitoring  of  spinal  infections.
In vitro labeled leukocyte scintigraphy
This  is  the  routine  technique  most  speciﬁc  for  infection.
Labeling  of  either  all  WBCs  or  selective  labeling  of  poly-
morphonuclear  neutrophils  (which  is  preferable  to  avoid
harming  lymphocytes)  has  now  been  well  codiﬁed.  Cells  are
labeled  with  either 111In-oxinate  or 99mTc-HMPAO.  The  pro-
cedure  is  long  (approximately  3  hours)  and  delicate  so  as
not  to  damage  the  cells.  It  requires  the  patient  to  come
for  numerous  visits  to  the  nuclear  medicine  center  with
static  ±  coupled  scanner  (MPET/CT)  image  acquisitions  at
20  minutes,  3  hours  and  24  hours  after  injection.  The  tracer
distributes  throughout  the  reticuloendothelial  system,  i.e.,
hematopoietically  active  bone  marrow,  liver  and  spleen.  In
case  of  infection,  accumulation  of  the  labeled  leukocytes
(or  polymorphonuclear  neutrophils)  is  concordant  with  tech-
netium  uptake  and  increases  over  time.  MPET/CT  imaging
more  precisely  localizes  infected  foci  (soft  tissue  versus
bone),  which  is  not  always  possible  with  planar  acquisi-
tions  alone.  For  suspected  infections  involving  orthopedic
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rostheses  or  hardware,  the  scan  must  be  performed  and
nterpreted  rigorously,  often  in  combination  (in  addition  to
S)  with  colloid  scintigraphy  which  depicts  hematopoietic
arrow.  This  is  because  there  are  many  reasons  for  vari-
tions  in  the  distribution  of  hemapoietically  active  bone
arrow,  including  fractures  and  implants  in  contact  with
one.  An  interpretation  coupled  with 99mTc-colloid  scintig-
aphy  can  differentiate  a  bone  infection  from  a  marrow
ocalization  in  which  marked  accumulation  of  labeled  leuko-
ytes  also  occurs  [30]. Love  et  al.  conﬁrmed  that  combined
abeled  leukocyte/99mTc-colloid  scans  predicted  infection  of
ip  and  knee  prostheses  in  150  patients  with  96%  sensitiv-
ty,  87%  speciﬁcity  and  91%  diagnostic  accuracy  [31]. Several
ypotheses  have  been  advanced  to  explain  false  negatives.
he  infection  may  be  one  that  does  not  involve  a  neutrophil
esponse  (tuberculosis,  mycotic  or  parasitic  infections),  or
here  may  be  an  alteration  of  leukocyte  functions.  Also,
n  the  case  of  subacute  or  chronic  infections,  monocytes
nd  lymphocytes  predominate  over  polynuclear  neutrophils
32].  Treatment  with  antibiotics  may  also  alter  the  sensi-
ivity  of  labeled  leukocyte  scintigraphy,  since  there  will  be
ess  leukocyte  migration  to  the  site  of  infection.  Labeled
BC  scanning  is  not  used  to  diagnose  infections  of  the  axial
keleton  due  to  their  physiologic  uptake  by  hematopoietic
one  marrow.  Usually,  low  accumulation  is  observed  in  case
f  infection  or  medullary  ﬁbrosis,  without  being  able  to  dif-
erentiate  between  the  two.  The  technique  can  nonetheless
e  useful  in  case  of  a  suspicious  collection  in  soft  tissues
n  contact  with  the  spine.  In  this  axial  location,  combined
echnetium-gallium  scanning  is  the  most  effective  nuclear
edicine  modality.  Love  et  al.  reported  a  sensitivity  and
peciﬁcity  of  91%  and  77%,  respectively,  in  spinal  infections
33].  This  technique  may  be  a  good  alternative  if  MRI  cannot
e  performed.
n vivo labeled leukocyte scintigraphy
eukoScan® (99mTc-Sulesomab)  is  a  murine  monoclonal  anti-
ody  Fab’  fragment  directed  against  the  NCA90  antigen
resent  on  the  polymorphonuclear  cell  surface.  It  was
eveloped  for  its  ease  of  use;  however,  it  may  induce  the
evelopment  of  human  anti-mouse  antibodies  (HAMA)  which
ould  preclude  repeated  use  of  this  procedure.  Sensitivity
s  globally  comparable  to  in  vitro  labeled  leukocyte  scans
ut  speciﬁcity  is  more  variable  [34].
8F-FDG-PET/CT
8F-FDG-PET  is  being  developed  in  indications  other  than
ncology,  and  particularly  in  the  ﬁeld  of  infection.  It  has
everal  advantages  over  labeled  leukocyte  scintigraphy:
ell  labeling  is  not  necessary,  uptake  is  low  in  normal
one  marrow,  the  procedure  is  rapid  to  perform,  and  it
ives  superior  resolution.  PET/CT  scans  should  be  inter-
reted  on  attenuation-uncorrected  images  so  as  to  minimize
econstruction  artifacts  related  to  metallic  hardware.  The
erformance  of 18F-FDG-PET  is  nonetheless  debatable,
specially  in  terms  of  speciﬁcity.  Zhuang  et  al.  studied
eriprosthetic  activity  in  total  hip  prostheses  several  years
fter  surgery  in  asymptomatic  patients.  After  a  mean  of
1.3  months,  approximately  81%  of  patients  had  uptake  at
he  femoral  head  and  neck  [35]. However,  in  a  study  of
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27  painful  hip  prostheses,  using  clinical  follow-up,  per-
perative  tests  and  histopathology  as  the  gold  standard
or  diagnosing  infection,  the  sensitivity,  speciﬁcity,  positive
nd  negative  predictive  values  for 18F-FDG-PET  were  85%,
3%,  80%  and  95%,  respectively  [36]. 18F-FDG-PET  appeared
o  have  slightly  better  diagnostic  performance  in  septic
ip  prostheses  than  in  septic  knee  prostheses.  Van  Acker
t  al.  compared 18F-FDG-PET  with  the  reference  nuclear
edicine  technique—99mTc-HMPAO-labeled  WBC  scintigra-
hy  in  combination  with  BS  -  in  21  patients  with  suspicion
or  infected  total  knee  arthroplasty.  The  combination  of
he  latter  two  techniques  had  superior  performance  over
8F-FDG-PET  (sensitivity  100%,  speciﬁcity  93%,  positive  pre-
ictive  value  83%  versus  sensitivity  100%,  speciﬁcity  73%,
ositive  predictive  value  60%)  [37]. Few  studies  have  inves-
igated  the  performance  of 18F-FDG-PET  for  detection  of
pinal  infections.  This  technique  was  superior  to  gallium
canning  in  differentiating  spondylodiscitis  and  degenera-
ive  abnormalities  from  infection  [38]. In  a  study  of  spinal
nfections  in  patients  with  or  without  metallic  implants, 18F-
DG-PET  had  an  excellent  negative  predictive  value  of  100%
nd  86%  accuracy  for  both  groups.  On  the  other  hand,  speci-
city  was  65%  in  the  group  with  metallic  implants  versus
2%  in  the  group  without  implants  [39]. In  the  group  without
etallic  implants,  two  false  positives  were  observed  within
he  6  months  following  surgery,  while  in  the  group  with
mplants,  the  6  false  positives  were  not  conﬁned  to  recently
perated  patients.  New  PET  tracers  are  being  evaluated  in
he  ﬁeld  of  infection.  Gallium-68  has  shown  encouraging
reliminary  results.  Nanni  et  al.  recently  published  a  study
n  31  patients,  with  bone  biopsy  as  the  gold  standard.  The
tudy  cohort  was  fairly  heterogeneous,  including  acute  and
hronic  infections  as  well  as  different  localizations  (hip,
ibia,  humerus,  pelvis,  knee,  intervertebral  disc)  and  the
resence  or  absence  of  hardware.  They  found  a  sensitivity
f  100%,  speciﬁcity  of  76%,  positive  predictive  value  of  85%
nd  negative  predictive  value  of  100%  [40].
eedle aspiration
taphylococcus  epidermidis  is  the  most  common  causal
athogen  of  orthopedic  implant  infections.  Rigorous  asep-
ic  technique  is  essential  during  needle  aspiration  to  avoid
alse  positives.  Normally,  an  18  or  20  gauge  needle  is  used
aspiration  is  more  difﬁcult  with  smaller  needles).  Tradi-
ionally,  aspiration  was  performed  with  the  aim  of  culturing
he  aspirated  ﬂuid,  which  required  several  days  to  demon-
trate  the  presence  or  absence  of  microbial  growth,  thus
elaying appropriate  patient  management.  Studies  analyz-
ng  the  value  of  joint  aspiration  report  different  levels  of
peciﬁcity  and  sensitivity,  respectively  ranging  from  50  to
3%  and  82  to  97%  [41], and  a  non-negligible  rate  of  false
ositives  (3  to  16%)  [42,43].  These  large  differences  are  due
n  part  to  the  different  prevalence  of  infection  in  the  cohorts
nder  study.  Periprosthetic  tissue  biopsies  have  a  false  pos-
tive  rate  of  6%  and  a  false  negative  rate  of  10%  [3].  These
bservations  explain  why  many  authors  no  longer  consider
his  the  gold  standard  [44—46].
More  recently,  many  institutions  have  been  performing
BC  and  differential  polymorphonuclear  neutrophil  counts
n  aspirated  joint  ﬂuid,  alone  or  in  combination  with
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erologic  tests,  as  a  rapid  and  inexpensive  way  of  assess-
ng  the  likelihood  of  infection  [47]. A  synovial  ﬂuid  cell
ount  less  than  1100  WBC/L with  less  than  64%  polymor-
honuclear  cells  had  a  negative  predictive  value  of  99.6%  to
ule  out  periprosthetic  infection  [48]. Another  recent  study
howed  that  synovial  ﬂuid  with  more  than  9000  WBC/L and
n  elevated  erythrocyte  sedimentation  rate  or  C-reactive
rotein  level  had  a  positive  predictive  value  of  100%  and
8%  accuracy  in  determining  the  presence  of  periprosthetic
nfection  [47]. These  two  studies  illustrate  the  importance
f  these  tests  and  stress  the  fact  that  a  percentage  of  poly-
orphonuclear  cells  greater  than  65%  is  a  strong  predictor
f  infection.  Needle  aspiration  can  be  performed  bedside
r  intraoperatively  during  revision  arthroplasty,  but  many
nstitutions  stress  the  very  high  proﬁtability  of  image-guided
spiration  using  either  radiography,  ultrasound  [49]  or  CT
50],  depending  on  the  location  of  the  collection  and  the
xperience  of  the  radiologist.  Regardless  of  the  imaging
echnique  used,  image-guided  aspiration  has  the  twofold
dvantage  of  avoiding  damage  to  adjacent  structures  (vas-
ular  for  example)  and  making  it  easier  to  aspirate  ﬂuid  from
 small  collection.  Ideally,  the  aspirated  ﬂuid  should  be  sent
o  the  laboratory  for  cell  counts  and  aerobic  culture.  Since
he  volume  of  aspirate  is  usually  too  small  to  send  multiple
amples,  priority  should  be  given  to  the  cell  count.  Due  to
heir  cost,  there  is  no  consensus  on  sending  the  ﬂuid  (if  there
s  enough)  for  additional  anaerobic,  fungal  or  BK  culture.
n  many  institutions  these  latter  tests  are  only  done  after
 second  aspiration  in  patients  for  whom  there  is  a  strong
uspicion  of  infection  despite  conventional  cultures  being
egative.
A  ‘‘dry’’  tap  does  not  rule  out  the  presence  of  infection:
n  a  series  of  patients  with  painful  THA,  Ali  et  al.  found
hat  23%  had  infected  hip  joints,  with  an  approximately
qual  volume  of  ﬂuid  aspirated  in  septic  and  sterile  joints
41].  In  this  study,  dry  taps  were  washed  with  nonbacterio-
tatic  saline  and  the  aspirated  joint  ﬂuid  sent  for  culture.
his  technique  had  83%  sensitivity,  93%  speciﬁcity,  63%  pos-
tive  predictive  value,  93%  negative  predictive  value,  and
3%  accuracy  compared  with  intraoperative  tissue  cultures.
any  surgeons  are  nonetheless  reluctant  to  use  this  tech-
ique,  pointing  to  the  risk  of  contaminating  a  sterile  joint.
t  is  crucial  that  systemic  antibiotics  not  be  started  before
oint  aspiration  (and  diagnostic  conﬁrmation).  Although
heir  impact  on  the  cell  count  is  unknown,  systemic  antibi-
tics,  bacteriostatic  solutions  and  local  anesthetics  are  well
nown  to  reduce  the  likelihood  of  detecting  an  organism  in
he  aspirated  ﬂuid  [51]. To  avoid  false  negatives,  antibiotics
hould  be  stopped  at  least  2  weeks  before  joint  aspiration.
onclusion
he  diagnosis  of  orthopedic  implant  infections  is  cur-
ently  based  on  a  combination  of  clinical  signs,  laboratory
ndings  and  imaging  studies.  After  detailed  history-taking
nd  a  thorough  physical  examination,  serologic  testing  of
nﬂammatory  markers  (erythrocyte  sedimentation  rate  and
-reactive  protein)  is  crucial  for  ruling  out  the  diagnosis  of
nfection  and  should  be  part  of  the  initial  work-up.  There  is
o  gold  standard  imaging  technique:  conventional  radiogra-
hy  is  essential  although  in  50%  of  cases  it  is  normal.  CT,  MRI
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Figure 9. Frontal radiograph of the pelvis.
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and  ultrasound  are  reliable  for  soft  tissues.  With  its  excel-
lent  negative  predictive  value,  BS  can  rule  out  an  active
infectious  process. 18F-FDG-PET  appears  to  be  a  promising
tool  for  spinal  and  pelvic  infections,  gradually  supplanting
gallium  scanning.  On  the  other  hand,  for  infections  of  the
peripheral  skeleton,  labeled  WBC  scans  coupled  with  colloid
scans  remain  the  reference  technique.  Needle  aspiration
with  joint  ﬂuid  analysis  (leukocyte  count  and  percentage
of  polymorphonuclear  cells)  is  ultimately  the  most  reliable
way  to  conﬁrm  or  rule  out  infection.
TAKE-HOME  MESSAGES
• Periprosthetic  bone  structural  abnormalities  sugge-
stive  of  infection:
◦ bone  sequestrum;
◦ rapid  alteration  of  bone  structure  (especially
outside  areas  subjected  to  stress);
◦ lucent  line  around  the  implant  widening  by  more
than  2  mm  per  year;
◦ multifocal  zones  of  osteolysis  with  blurred  edges
at  the  implant  margins;
◦ extensive,  poorly  circumscribed  or  solid,  thin
periosteal  reaction,  not  adherent  to  the  cortex;
◦ gas  around  the  implant;
◦ bipolar  loosening  of  a  prosthesis.
• Periprosthetic  soft  tissue  abnormalities  suggestive  of
infection:
◦ sinus  tracts;
◦ collections;
◦ edema  of  soft  tissue  (inﬂammation);
◦ joint  distention.
• Reduction  of  CT  artifacts:
◦ during  acquisition:  use  of  a  high  voltage  (125  and
140  kv)  and  a  high  amperage,  narrow  collimation
and  thin  sections;
◦ during  image  reconstruction:  use  of  thick  sections
combining  thin  acquisition  sections,  standard
reconstruction  algorithms  and  an  extended  CT
scale.
• Reduction  of  MRI  artifacts:
◦ change  the  direction  of  phase  coding  and
frequency;
◦ decrease  the  TE;
◦ use  smaller  voxels;
◦ use  fast  spin  echo  sequences  rather  than  gradient
echo  sequences;  prefer  STIR  sequences  to  suppress
hypersignal  from  fat.
• Nuclear  medicine:
◦ for  infections  of  the  peripheral  skeleton:  labeled
WBC  scintigraphy  in  combination  with  colloid
scintigraphy;
◦ for  spinal  and  pelvic  infections:  gallium
scintigraphy  (18F-FDG-PET).
• Needle  aspiration:  analysis  of  cell  content  in
aspiration  ﬂuid  (WBC  count  and  percentage  of
polymorphonuclear  cells).
A
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rigure 10. Scintigraphy.
linical case
 68-year-old  male  who  underwent  left  total  hip  arthro-
lasty  8  years  earlier  presenting  with  crural  pain  for  the  past
ew  months.  Apyretic.  CRP  =  55.  Conventional  radiography
Fig.  9)  and  technetium  scintigraphy  (Fig.  10)  were  per-
ormed.
uestions
.  Do  you  suspect  mechanical  or  septic  loosening  or  are  the
ndings  normal?
.  What  would  you  do  to  conﬁrm  your  diagnosis?nswers
.  The  conventional  radiograph  is  normal,  which  does  not
ule  out  a  diagnosis  of  loosening.  The  large  area  of  focal
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ptake  on  the  great  trochanter  and  the  more  diffuse  uptake
ver  the  entire  femur  suggest  loosening.  Bone  scanning  may
emonstrate  increased  activity  for  up  to  18  months  after
HA  but  certainly  not  8  years  afterwards.  Infection  is  sus-
ected  mainly  because  of  the  elevated  CRP  level.
.  You  have  to  look  for  periprosthetic  soft  tissue  abnor-
alities  (effusion,  collections)  and,  if  possible,  perform
eedle  aspiration  to  get  a  leukocyte  count  and  percentage  of
olymorphonuclear  cells.  In  the  absence  of  effusion  or  col-
ections,  labeled  polymorphonuclear  cell  scintigraphy  with
ncreasing  uptake  between  3  hours  and  21  hours,  concordant
ith  the  bone  scan,  would  conﬁrm  the  diagnosis  of  septic
oosening.
isclosure of interest
he  authors  declare  that  they  have  no  conﬂicts  of  interest
oncerning  this  article.
eferences
[1] Darouiche RO. Treatment of infections associated with surgical
implants. N Engl J Med 2004;350(14):1422—9.
[2] Ong KL, Kurtz SM, Lau E, Bozic KJ, Berry DJ, Parvizi J. Prosthetic
joint infection risk after total hip arthroplasty in the Medicare
population. J Arthroplasty 2009;24(6 Suppl):105—9.
[3] Parvizi J, Ghanem E, Menashe S, Barrack RL, Bauer TW.
Periprosthetic infection: what are the diagnostic challenges?
J Bone Joint Surg Am 2006;88(Suppl. 4):138—47.
[4] Garvin KL, Hanssen AD. Infection after total hip arthro-
plasty. Past, present, and future. J Bone Joint Surg Am
1995;77(10):1576—88.
[5] Canner GC, Steinberg ME, Heppenstall RB, Balderston R. The
infected hip after total hip arthroplasty. J Bone Joint Surg Am
1984;66(9):1393—9.
[6] Goitz HT, Goitz RJ, Watson JT, Schurman 2nd JR, Roth HJ.
Orthopedic implants: a guide to radiographic analysis. Curr
Probl Diagn Radiol 1996;25(4):109—68.
[7] Tumeh SS, Aliabadi P, Weissman BN, McNeil BJ. Disease
activity in osteomyelitis: role of radiography. Radiology
1987;165(3):781—4.
[8] Rabin DN, Smith C, Kubicka RA, Rabin S, Ali A, Charters JR,
et al. Problem prostheses: the radiologic evaluation of total
joint replacement. Radiographics 1987;7(6):1107—27.
[9] Tigges S, Stiles RG, Roberson JR. Appearance of septic
hip prostheses on plain radiographs. AJR Am J Roentgenol
1994;163(2):377—80.
10] Jacquier A, Champsaur P, Vidal V, Stein A, Monnet O, Drancourt
M, et al. CT Évaluation des infections de prothèses totales de
hanches au scanner. J Radiol 2004;85(12 Pt 1):2005—12.
11] Cyteval C, Hamm V, Sarrabère MP, Lopez FM, Maury P, Taourel
P. Painful infection at the site of hip prosthesis: CT imaging.
Radiology 2002;224(2):477—83.
12] Kinahan PE, Hasegawa BH, Beyer T. X-ray-based attenuation
correction for positron emission tomography/computed tomog-
raphy scanners. Semin Nucl Med 2003;33(3):166—79.
13] Reinus WR, Zwemer Jr FL, Fornoff JR. Prospective optimization
of patient selection for emergency cranial computed tomog-
raphy: univariate and multivariate analyses. Invest Radiol
1996;31(2):101—8.14] Haramati N, Staron RB, Mazel-Sperling K, Freeman K, Nick-
oloff EL, Barax C, et al. CT scans through metal scanning
technique versus hardware composition. Comput Med Imaging
Graph 1994;18(6):429—34.
[C.  Cyteval,  A.  Bourdon
15] Lee MJ, Kim S, Lee SA, Song HT, Huh YM, Kim DH, et al.
Overcoming artifacts from metallic orthopedic implants at
high-ﬁeld-strength MR imaging and multi-detector CT. Radio-
graphics 2007;27(3):791—803.
16] Robertson DD, Magid D, Poss R, Fishman EK, Brooker AF,
Sledge CB. Enhanced computed tomographic techniques
for the evaluation of total hip arthroplasty. J Arthroplasty
1989;4(3):271—6.
17] Carbo S, Roson N, Vizcaya S, Escribano F, Zarcero M,
Medrano S. Can ultrasound help to deﬁne orthopedic surgical
complications? Curr Probl Diagn Radiol 2006;35(3):75—89.
18] Gibbon WW, Long G, Barron DA, O’Connor PJ. Complications of
orthopedic implants: sonographic evaluation. J Clin Ultrasound
2002;30(5):288—99.
19] van Holsbeeck MT, Eyler WR,  Sherman LS, Lombardi TJ, Mezger
E, Verner JJ, et al. Detection of infection in loosened hip
prostheses: efﬁcacy of sonography. AJR Am J Roentgenol
1994;163(2):381—4.
20] White LM, Kim JK, Mehta M, Merchant N, Schweitzer ME,
Morrison WB. Complications of total hip arthroplasty: MR
imaging-initial experience. Radiology 2000;215(1):254—62.
21] Czerny C, Krestan C, Imhof H, Trattnig S. Magnetic resonance
imaging of the postoperative hip. Top Magn Reson Imaging
1999;10(4):214—20.
22] Ortiz O, Pait TG, McAllister P, Sauter K. Postoperative magnetic
resonance imaging with titanium implants of the thoracic and
lumbar spine. Neurosurgery 1996;38(4):741—5.
23] White LM, Buckwalter KA. Technical considerations: CT and MR
imaging in the postoperative orthopedic patient. Semin Muscu-
loskelet Radiol 2002;6(1):5—17.
24] Maus TP, Berquist TH, Bender CE, Rand JA. Arthrographic study
of painful total hip arthroplasty: reﬁned criteria. Radiology
1987;162(3):721—7.
25] Berquist TH, Bender CE, Maus TP, Ward EM, Rand JA.
Pseudobursae: a useful ﬁnding in patients with painful hip
arthroplasty. AJR Am J Roentgenol 1987;148(1):103—6.
26] Elgazzar AH, Abdel-Dayem HM, Clark JD, Maxon 3rd HR.
Multimodality imaging of osteomyelitis. Eur J Nucl Med
1995;22(9):1043—63.
27] Williamson BR, McLaughlin RE, Wang GW, Miller CW, Teates CD,
Bray ST. Radionuclide bone imaging as a means of differentiat-
ing loosening and infection in patients with a painful total hip
prosthesis. Radiology 1979;133(3 Pt 1):723—5.
28] Williams F, McCall IW,  Park WM, O’Connor BT, Morris V. Gallium-
67 scanning in the painful total hip replacement. Clin Radiol
1981;32(4):431—9.
29] Kraemer WJ, Saplys R, Waddell JP, Morton J. Bone scan, gallium
scan, and hip aspiration in the diagnosis of infected total hip
arthroplasty. J Arthroplasty 1993;8(6):611—6.
30] Hayashida K, Ochi T, Fujimoto M, Owaki H, Shimaoka Y, Ono K,
et al. Bone marrow changes in adjuvant-induced and collagen-
induced arthritis. Interleukin-1 and interleukin-6 activity and
abnormal myelopoiesis. Arthritis Rheum 1992;35(2):241—5.
31] Love C, Palestro CJ. Radionuclide imaging of infection. J Nucl
Med Technol 2004;32(2):47—57 [quiz 58—89].
32] Pill SG, Parvizi J, Tang PH, Garino JP, Nelson C, Zhuang H. Com-
parison of ﬂuorodeoxyglucose positron emission tomography
and (111)indium-white blood cell imaging in the diagnosis of
periprosthetic infection of the hip. J Arthroplasty 2006;21(6
Suppl. 2):91—7.
33] Love C, Patel M, Lonner BS, Tomas MB, Palestro CJ. Diag-
nosing spinal osteomyelitis: a comparison of bone and Ga-67
scintigraphy and magnetic resonance imaging. Clin Nucl Med
2000;25(12):963—77.34] Gratz S, Schipper ML, Dorner J, Höffken H, Becker W, Kaiser
JW, et al. LeukoScan for imaging infection in different clinical
settings: a retrospective evaluation and extended review of
the literature. Clin Nucl Med 2003;28(4):267—76.
[[
[
[
[
[
[
[Imaging  orthopedic  implant  infections  
[35] Zhuang H, Alavi A. 18-ﬂuorodeoxyglucose positron emission
tomographic imaging in the detection and monitoring of infec-
tion and inﬂammation. Semin Nucl Med 2002;32(1):47—59.
[36] Chryssikos T, Parvizi J, Ghanem E, Newberg A, Zhuang H, Alavi
A. FDG-PET imaging can diagnose periprosthetic infection of
the hip. Clin Orthop Relat Res 2008;466(6):1338—42.
[37] Van Acker F, Nuyts J, Maes A, Vanquickenborne B, Stuyck J,
Bellemans J. FDG-PET, 99mtc-HMPAO white blood cell SPET and
bone scintigraphy in the evaluation of painful total knee arthro-
plasties. Eur J Nucl Med 2001;28(10):1496—504.
[38] Gemmel F, Rijk PC, Collins JM, Parlevliet T, Stumpe KD, Pale-
stro CJ. Expanding role of 18F-ﬂuoro-D-deoxyglucose PET and
PET/CT in spinal infections. Eur Spine 2010;19(4):540—51.
[39] De Winter F, Gemmel F, Van De Wiele C, Pofﬁjn B, Uyttendaele
D, Dierckx R. 18-Fluorine ﬂuorodeoxyglucose positron emission
tomography for the diagnosis of infection in the postoperative
spine. Spine (Phila Pa 1976) 2003;28(12):1314—9.
[40] Nanni C, Errani C, Boriani L, Fantini L, Ambrosini V, Boschi
S, et al. 68Ga-citrate PET/CT for evaluating patients with
infections of the bone: preliminary results. J Nucl Med
2010;51(12):1932—6.
[41] Ali F, Wilkinson JM, Cooper JR, Kerry RM, Hamer AJ, Nor-
man P, et al. Accuracy of joint aspiration for the preoperative
diagnosis of infection in total hip arthroplasty. J Arthroplasty
2006;21(2):221—6.
[42] Phillips WC, Kattapuram SV. Efﬁcacy of preoperative hip aspira-
tion performed in the radiology department. Clin Orthop Relat
Res 1983;179:141—6.
[557
43] Spangehl MJ, Masri BA, O’Connell JX, Duncan CP. Prospective
analysis of preoperative and intraoperative investigations for
the diagnosis of infection at the sites of two hundred and
two revision total hip arthroplasties. J Bone Joint Surg Am
1999;81(5):672—83.
44] Bauer TW, Parvizi J, Kobayashi N, Krebs V. Diagnosis of peripros-
thetic infection. J Bone Joint Surg Am 2006;88(4):869—82.
45] Ghanem E, Parvizi J, Burnett RS, Sharkey PF, Keshavarzi N,
et al. Cell count and differential of aspirated ﬂuid in the diag-
nosis of infection at the site of total knee arthroplasty. J Bone
Joint Surg Am 2008;90(8):1637—43.
46] Della Valle CJ, Zuckerman JD, Di Cesare PE. Periprosthetic
sepsis. Clin Orthop Relat Res 2004;420:26—31.
47] Schinsky MF, Della Valle CJ, Sporer SM, Paprosky WG.
Perioperative testing for joint infection in patients under-
going revision total hip arthroplasty. J Bone Joint Surg Am
2008;90(9):1869—75.
48] Parvizi J, Ghanem E, Azzam K, Davis E, Jaberi F, Hozack W.
Periprosthetic infection: are current treatment strategies ade-
quate? Acta Orthop Belg 2008;74(6):793—800.
49] Eisler T, Svensson O, Engström CF, Reinholt FP, Lundberg C,
Wejkner B, et al. Ultrasound for diagnosis of infection in revi-
sion total hip arthroplasty. J Arthroplasty 2001;16(8):1010—7.
50] Chew FS, Brown JH, Palmer WE, Kattapuram SV. CT-guided
aspiration in potentially infected total hip replacements com-
plicated by heterotopic bone. Eur J Radiol 1995;20(1):72—4.
51] Barrack RL. The value of preoperative knee aspiration: don’t
ask, don’t tell. Orthopedics 1997;20(9):862—4.
